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Abstract 
Infection with the hepatitis B and C viruses may occur through parenteral contact associated with 
infected body fluids, including injury with infected sharps. Collectors of domestic or healthcare 
wastes are potentially exposed to these infections. The aim of this paper is to investigate the risk 
factors associated with the prevalence of hepatitis B and C (HBV and HCV) infection of domestic 
and healthcare waste workers in Belo Horizonte, Brazil. A cross-sectional study of hepatitis B 
and C infection was conducted from November 2014 to January 2015, through blood sample 
collection and interviews about socio-demographic factors with 61 workers exposed to healthcare 
waste (“exposed”) and 461 exposed only to domestic wastes (“unexposed”). The prevalence of 
Anti-HCV antibodies was 3.3% in “exposed” workers and 0.9% in “unexposed”, and of Anti-
HBc was 9.8% and 5.6% in “exposed” and “unexposed” workers, respectively. Only 207 (44.9%) 
of those exposed to domestic waste and 45 (73.8%) of those handling healthcare waste were 
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effectively immunized against HBV. Exposures to domestic waste and to healthcare wastes were 
associated with similar risks of infection with HBV. The risk of HCV infection was marginally 
higher among healthcare waste workers compared to domestic waste workers, probably because 
of needlestick accidents due to deficient sharps management systems. Immunization against 
hepatitis B and screening test to ensure the success of vaccination should be a condition for 
recruitment for both groups of waste workers. 
Keywords: Hepatitis B, Hepatitis C, Cross-section, Healthcare waste, Domestic waste. 
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Introduction  
 
Hepatitis viruses cause liver inflammation which may lead to fibrosis, cirrhosis or liver cancer 
(BRAGA et al, 2004). The hepatitis B and C viruses (HBV and HCV) usually are transmitted by 
parenteral contact with infected body fluids, such as blood and semen. Transmission of either 
virus can be perinatal or percutaneous, and HBV is more commonly sexually transmittted than 
HCV (STEVENS and COYLE, 2000; WHO, 2015a). In particular, the parenteral route includes 
exposure to shared needles or syringes, to tattoos or piercings, to dental or other surgical 
procedures, and injury with infected sharps (PATEL, 2015; BRASIL, 2010). Lesion from sharps 
previously used on infected patients is associated with a risk of infection of 18-30% for HBV, 
1.8% for HCV and 0.3% for HIV (ALTER, 1995; PRUSS-USTUN et al., 2005; PURO et al., 
2010, WHO, 2015b). 
 
The global prevalence of HCV infection is estimated at around 2% or 3% of the population, 
implying that around 150 million people have this chronic infection worldwide. About 500,000 
die each year due to liver problems resulting from HCV (WHO, 2015a; MARTINS et al., 2011). 
Regarding HBV, it is estimated that 240 million people are chronically infected around the world, 
defined by HBV surface antigen positivity in the last six months. More than 780,000 die every 
year from complications associated with HBV (NASCIMENTO et al., 2012; WHO, 2015a). 
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HBV has been found in body secretions and excreta. However, the only proven vehicles of 
infection are blood and body fluids, semen and vaginal fluids (PURO et al., 2010; PATEL, 2015). 
Besid es, the virus shows environmental persistence and a very small amount is sufficient to cause 
infection. The number of infectious particles of HBV and HCV in infected blood can reach 109 
ml-1 and 106 ml-1, respectively (SATTAR et al., 2001). 
 
Bond et al. (1981) and WHO (2015a) concluded that objects or surfaces that had contact with 
body fluids infected by HBV, including blood, plasma or serum, if not cleaned properly, could be 
a source of transmission of hepatitis B for more than 7 days. Besides, HBV concentration in 
clotted blood in the environment is usually high, increasing the risk of infection. 
 
Domestic waste is similar to some types of healthcare wastes, in particular because it may include 
blood, faeces, secretions, and also used hygienic absorbents, dressings and syringes contaminated 
with potentially infective organisms (RUTALA and MAYHALL, 1992; CUSSIOL et al., 2006; 
BORG, 2007). Pathogenic microorganisms are present in domestic and healthcare wastes, 
suggesting that caution is needed in both waste management systems. Few health indicators are 
clearly presented to monitor the health protection of handler wastes, in particular related to 
pathogenic microorganisms presented in body fluids. 
 
Thus, workers who collect domestic or healthcare wastes are potentially exposed to body fluids 
during their employment, and consequently to the potential presence of HBV and HCV. Contact 
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with these liquids may carry a risk of infection, especially when associated with needlestick 
accidents, favouring the entrance of the infections agent. 
 
When comparing health risks of exposure to domestic and healthcare waste, it is not clear which 
type of waste carries a higher health risk through unprotected contact. Some literature reviews 
have indicated the importance of this question, but no conclusion is offered (TOOHER et al., 
2005; CORRAO et al., 2013; MOL et al., 2015).  
 
The aim of this paper is therefore to investigate the risk factors associated with hepatitis B and C 
infections for domestic and healthcare waste workers in Belo Horizonte municipality, Brazil. The 
implications for immunization policy are also discussed. 
 
Methods  
 
Data collection included collection of blood samples and of socio-demographic information 
gathered through an interview, for a cross-sectional study. The data collection occurred from 
November 2014 to January 2015. The research was carried out according to the Brazilian National 
Ethics Commission (CONEP/CNS) requirements and approved by the Research Ethics 
Committee of UFMG (18 June, 2014, protocol CAAE – 28018714.6.0000.5149). 
 
Sample size calculation was based on the Kelsey model (DEAN et al., 2013) adopting the ratio of 
eight domestic waste workers for each healthcare waste worker. This ratio was adopted due to the 
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small number of healthcare waste workers in the city where the study took place. The sample size 
required for HCV was also adopted because the requirement was larger than for HBV. The 
requirement was for 56 “exposed” workers (i.e. who handle healthcare wastes), and 444 
“unexposed” workers (who handle domestic wastes).  
 
95 healthcare waste workers and 800 domestic waste workers were invited to participate. Due to 
various circumstances, such as withdrawals and failure to arrive in time for interview, data were 
collected from 522 workers, 61 exposed to healthcare waste and 461 to domestic waste. Each 
worker was invited to participate after receiving an explanation about the study: those who  agreed 
to participate signed the Consent Form. This was followed by blood sample collection and the 
socio-demographic interview. From among all workers who were able and willing to participate, 
the sample was selected by randomization. 
 
The main inclusion criterion was the type of work activity: “exposed” subjects were those who 
handled healthcare wastes and “unexposed” were those who handled domestic wastes. There were 
no inclusion or exclusion criteria other than occupation. Thus, every worker exposed to wastes 
was eligible for inclusion, independent of exposure time and duration, age or gender. 
 
Blood samples were collected by experienced nurses. Approximately 10ml of blood was collected 
from each participant. The tubes were centrifuged for serum separation before being sent for 
analysis. 
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Every serum sample was screened for HBsAg marker, the first marker that appears in the course 
of infection with HBV, and for Anti-HBc, that represents previous contact with this virus. 
Afterwards, all samples were tested for Anti-HBs, to identify immunity against HBV. Samples 
were also screened for Anti-HCV, to identify subjects with previous contact with HCV virus. 
 
Serological tests used Architect i2000sr trials based on CHEMIFLEX technology, through 
chemoluminescence detection – a variation of immunoassay enzymatic principle (EIA). The 
samples were stored at -10ºC to -40ºC, according to the manufacturer’s instructions. 
 
Interviews were applied by researchers trained for this activity. The socio-demographic 
questionnaire included personal characteristics, economics, occupation, occupational conditions, 
work accidents reported, type of waste handled, reports of potential health risk, immunization 
status, contact with fluids/wastes and social history including: sexual habits, alcohol and drug use, 
tattoos, piercings, blood transfusion and imprisonment history. These questions were used in 
multivariate models for outcomes analysis. 
 
Data were analysed using R software, version 3.2.0. Fisher’s Exact Test and the Chi-Square Test 
were used for categorical variables, and the Mann-Whitney Test for quantitative variables 
(AGRESTI, 2002; HOLLANDER and DOUGLAS, 1999). Confidence interval for odds ratio was 
adjusted for small samples when Fisher’s Exact Test was used (JEWELL, 2004). The zeros in the 
contingency table were changed to 0.5 to enable confidence intervals to be calculated. 
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Results  
 
Some characteristics of the subjects are presented in TABLE 1, according to the two exposure 
groups (domestic and healthcare). There were statistically significant differences between the 
groups for the variables gender, education level and household monthly income. Healthcare waste 
workers had higher income and higher percentage of advanced educational standard than the 
domestic waste workers. These differences did not affect the risk for hepatitis B or C infection. 
In general, exposed and unexposed subjects presented similar characteristics in several aspects. 
 
TABLE 1 – Socio-demographic characteristics of study subjects. 
Variable 
Waste 
p-value Domestic 
N (%) 
Healthcare 
N (%) 
Gender 
Female 106 (23.0) 6 (9.8) 
0.0191 
Male 355 (77.0) 55 (90.2) 
Ethnic self-identification * 
White or Yellow 69 (15.0) 14 (23.0) 
0.2872 
Dark, Brown 216 (47.0) 29 (47.5) 
Indigenous, Mixed race 13 (2.8) 2 (3.3) 
Black 162 (35.2) 16 (26.2) 
Education Level 
Less than Basic Level 8 (1.7) 0 (0.0) 
<0.0012 
Basic Level 313 (67.9) 22 (36.0) 
Medium Level 137 (29.7) 39 (63.9) 
Higher Education 3 (0.7) 0 (0.0) 
Marital Status 
Single 142 (30.8) 15 (24.6) 
0.0592 Married, Stable Union 293 (63.6) 46 (75.4) 
Divorced, Widowed 26 (5.6) 0 (0.0) 
Age (years) Mean + SE 36.05 ± 0.47 35.74 ± 1.39 0.7403 
Household Monthly Income Mean + SE 1923.52 ± 55.12 2294.13 ± 148.91 0.0023 
Years of current work (month) Mean + SE 21.9 ± 1.5 20.9 ± 2.8 0.3923 
Years of last work (month) Mean + SE 75.6 ± 4.7 39.0 ± 10.2 0.5383 
Individual Protection E quipment used No 1 (0.2) 0 (0.0) 1.0002 
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Yes 460 (99.8) 61 (100.0) 
Work accident reported (with wastes) 
No 308 (66.8) 45 (73.8) 
0.275² 
Yes 153 (33.2) 16 (26.2) 
Type of accident (last event) * 
Muscular lesion/fracture 39 (25.7) 2 (12.5) 
0.303² Needlestick / cuts 82 (53.9) 12 (75.0) 
Traffic 31 (20.4) 2 (12.5) 
Dripping or splashing during waste 
collection * 
No 305 (66.7) 38 (62.3) 
0.4911 
Yes 152 (33.3) 23 (37.7) 
Use of alcohol* 
No 248 (53.9) 29 (47.5) 
0.3491 
Yes 212 (46.1) 32 (52.5) 
Use of drugs* 
No 340 (79.1) 48 (81.4) 
0.6841 
Yes 90 (20.9) 11 (18.6) 
Extramarital sex relati  ons (last year)* 
No 277 (85.8) 40 (81.6) 
0.4481 
Yes 46 (14.2) 9 (18.4) 
Sex without condom (last year)* 
No 134 (29.3) 13 (21.3) 
0.1961 
Yes 324 (70.7) 48 (78.7) 
Blood transfusion* 
No 426 (93.8) 58 (95.1) 
1.0002 
Yes 28 (6.2) 3 (4.9) 
Tattoos or piercings* 
No 307 (66.7) 45 (73.8) 
0.2701 
Yes 153 (33.3) 16 (26.2) 
History of imprisonment* 
No 410 (89.5) 59 (96.7) 
0.1022 
Yes 48 (10.5) 2 (3.3) 
¹ Chi-Square Test, ² Fisher’s Exact Test; 3 Mann-Whitney Test. * Data for these variables are 
available for less than 461 subjects (Domestic) or 61 (Healthcare) either because question did 
not apply or subject did not answer. 
 
Most subjects were male, 78.5% (410) versus 21.5% (112) female. The ethnicity declared by the 
majority of participants when asked about to classify themselves was black 34.2% (178) or 
dark/brown 47.0% (245). Predominant education level was Basic, 64.2% (335). Median age was 
35 years, not much different from the mean for each of the exposure groups.  
 
TABLE 2 presents the univariate analysis for both HCV and HBV (HBsAg and Anti-HBc) 
outcomes, according to the main socio-demographic characteristics of the study population. 
Statistically significant differences were: tattoo or piercing for HBsAg; and Educational Level, 
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Age and Years of service for Anti-HBc. Years of service was the only variable associated with 
labour activities which also showed an association with an outcome. 
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TABLE 2 – Univariate analysis for serology HCV, HBsAg and Anti-HBc per socio-demographics characteristics between groups exposed to wastes. 
Variables HCV HBsAg Anti-HBc 
(-) (+) p-
value 
(-) (+) p-
value 
(-) (+) p-value 
Gender 
Female 111 
(99.1) 
1 
(0.9) 
1.0002 
112 
(100.0) 
0 
(0.0) 
1.0002 
104 
(92.9) 
8 (7.1) 
0.6571 
Male 405 
(98.8) 
5 
(1.2) 
407 (99.3) 3 
(0.7) 
386 
(94.1) 
24 
(5.9) 
Education Level 
Less than Basic Level 
8 (100.0) 0 
(0.0) 
1.0002 
8 (100.0) 0 
(0.0) 
0.3192 
7 (87.5) 1 
(12.5) 
0.0202 
Basic Level 
331 
(98.8) 
4 
(1.2) 
334 (99.7) 1 
(0.3) 
310 
(92.5) 
25 
(7.5) 
Medium Level 
174 
(98.9) 
2 
(1.1) 
174 (98.9) 2 
(1.1) 
171 
(97.2) 
5 (2.8) 
Higher Education 
3 (100.0) 0 
(0.0) 
3 (100.0) 0 
(0.0) 
2 (66.7) 1 
(33.3) 
Marital Status 
Single 
154 
(98.1) 
3 
(1.9) 
0.1982 
155 (98.7) 2 
(1.3) 
0.3452 
146 
(93.0) 
11 
(7.0) 
0.5022 
Married, Stable Union 
336 
(99.1) 
3 
(0.9) 
338 (99.7) 1 
(0.3) 
318 
(93.8) 
21 
(6.2) 
Divorced, Widowed 
26 
(100.0) 
0 
(0.0) 
26 (100.0) 0 
(0.0) 
26 
(100.0) 
0 (0.0) 
Age (years old) 
No reactive 
(Mean+SE) 
36.02 ± 0.45 
0.9723 
36.05 ± 0.45 
0.2353 
35.56 ± 0.45 
<0.0013 
Reactive (Mean+SE) 35.33 ± 2.68 29.33 ± 4.06 42.91 ± 1.69 
Household Monthly Income (R$) 
No reactive 
(Mean+SE) 
1972.34 ± 52.32 
0.1873 
1966.50 ± 52.00 
0.7573 
1950.95 ± 51.96 
0.3903 
Reactive (Mean+SE) 1493.33 ± 362.83 2023.33 ± 989.05 2209.94 ± 290.72 
Work accident with wastes  
No 348 
(98.6) 
5 
(1.4) 
0.6692 
352 (99.7) 1 
(0.3) 
0.2462 
332 
(94.1) 
21 
(5.9) 
0.8461 
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¹ Chi-Square Test, ² Fisher’s Exact Test; 3 Mann-Whitney Test. * Data for these variables are available for less than 461 subjects (Domestic) or 61 (Healthcare) because question did not apply or 
subject did not answer. 
reported 
Yes 168 
(99.4) 
1 
(0.6) 
167 (98.8) 2 
(1.2) 
158 
(93.5) 
11 
(6.5) 
Dripping or splashing during 
No 338 
(98.5) 
5 
(1.5) 
0.6692 
341 (99.4) 2 
(0.6) 
1.0002 
320 
(93.3) 
23 
(6.7) 
0.5661 
waste collection* 
Yes 174 
(99.4) 
1 
(0.6) 
174 (99.4) 1 
(0.6) 
166 
(94.9) 
9 (5.1) 
Years of current work (in  
months) 
No reactive 
(Mean+SE) 
21.86 ± 1.40 
0.8723 
21.81 ± 1.39 
0.6403 
20.09 ± 1.22 
0.0013 
 Reactive (Mean+SE) 12.83 ± 2.65 11.67 ± 0.33 47.22 ± 12.07 
Years of last work ( in months) 
No reactive 
(Mean+SE) 
75.44 ± 4.71 
0.1913 
75.22 ± 4.72 
0.9033 
73.75 ± 4.77 
0.1973 
 Reactive (Mean+SE) 21.00 ± 3.00 48.50 ± 0.5 100.08 ± 24.00 
Use of drugs* 
No 385 
(99.2) 
3 
(0.8) 
0.1062 
387 (99.7) 1 
(0.3) 
0.1102 
364 
(93.8) 
24 
(6.2) 
0.8191 
Yes 98 (97.0) 3 
(3.0) 
99 (98.0) 2 
(2.0) 
94 (93.1) 7(6.9) 
Sex without condom* 
No 146 
(99.3) 
1 
(0.7) 
1.0002 
145 (98.6) 2 
(1.4) 
0.1952 
138 
(93.9) 
9 (6.1) 
1.0001 
 
Yes 367 
(98.7) 
5 
(1.3) 
371 (99.7) 1 
(0.3) 
349 
(93.8) 
23 
(6.2) 
Blood transfusion* 
No 478 
(98.8) 
6 
(1.2) 
1.0002 
481 (99.4) 3 
(0.6) 
1.0002 
455 
(94.0) 
29 
(6.0) 
0.7092 
Yes 31 
(100.0) 
0 
(0.0) 
31 (100.0) 0 
(0.0) 
29 (93.5) 2 (6.5) 
Tattoo or piercing* 
No 349 
(99.1) 
3 
(0.9) 
0.3952 
352 
(100.0) 
0 
(0.0) 
0.0342 
329 
(93.5) 
23 
(6.5) 
0.6991 
Yes 166 
(98.2) 
3 
(1.8) 
166 (98.2) 3 
(1.8) 
160 
(94.7) 
9 (5.3) 
History of imprisonment* 
No 465 
(99.1) 
4 
(0.9) 
0.1062 
466 (99.4) 3 
(0.6) 
1.0002 
437 
(93.2) 
32 
(6.8) 
0.0612 
Yes 48 (96.0) 2 
(4.0) 
50 (100.0) 0 
(0.0) 
50 
(100.0) 
0 (0.0) 
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Prevalence of Anti-HCV was 3.3% among healthcare waste workers and 0.9% for the domestic 
waste group, and prevalence of Anti-HBc was 9.8% and 5.6% respectively. Thus previous contact 
with HBV or HCV was more common among those exposed to healthcare wastes than to domestic 
wastes. However the differences were not statistically significative. Anti-HBs, a marker for 
previous vaccination, was found in 73.8% of healthcare waste workers, as compared to only 
44.9% in those exposed to domestic wastes.  
 
Multivariate models of HCV and Anti-HBc are presented in TABLES 3 and 4. The variable waste 
exposure was always retained in the models, just like those significant or marginally significant 
variables, to support the understanding of occupational risk of hepatitis. There was no multivariate 
model for HBsAg serology due to the insufficient number of positive results. 
 
TABLE 3 – Multivariate model for HCV outcome in waste exposed workers. 
Variables p-value OR 95% CI 
Waste = domestic - 1.00 - 
Waste = healthcare 0.071 5.42 [0.86; 33.97] 
Individual Equipment Protection used currently = No - 1.00 - 
Individual Equipment Protection used currently = Yes 0.025 0.07 [0.01; 0.71] 
History of imprisonment = No - 1.00 - 
History of imprisonment = Yes 0.046 6.54 [1.04; 41.22] 
Pseudo R² (Nagelkerke) = 19.62%; p-value (Hosmer Lemeshow) = 0.965 
 
 
 
 
 1 
TABLE 4 – Multivariate model for Anti-HBc outcome in waste exposed workers. 
Variables p-value OR 95% CI 
Waste = domestic - 1.00 - 
Waste = heathcare 0.302 1.77 [0.60; 5.27] 
Age 0.008 1.06 [1.02; 1.11] 
Current working time (years) 0.006 1.17 [1.05; 1.30] 
Extramarital sex relations (last year) = No - 1.00 - 
Extramarital sex relations (last year) = Yes 0.068 2.62 [0.93; 7.36] 
Pseudo R² (Nagelkerke) = 15.14%; p-value (Hosmer Lemeshow) = 0.502 
 
Regarding vaccination history, TABLE 5 depicts workers recall on past hepatitis B vaccination 
and the Anti-HBs actual results. 
 
TABLE 5 – Reports of vaccination against HBV versus serology results of Anti-HBs (effective 
immunization). 
Variables 
Waste 
p-value 
Domestic Healthcare 
Have you been immunized against  
hepatitis B? *  
No 25 6.8% 0 0.0% 
0.035² 
Yes 340 93.2% 60 100.0% 
Anti-Hbs** No 254 55.1% 16 26.2% 
<0.001¹ 
 Yes 207 44.9% 45 73.8% 
¹ Chi-Square Test, ² Fisher’s Exact Test.  
* Data for these variables are available for less than 461 subjects (Domestic) or 61 (Healthcare) because question did 
not apply or subject did not answer. 
** O.R. = 3.45 (95% CI 1.90 - 6.28). 
 
 
Discussion  
 
The multivariate model of HCV indicated three possible factors that could be associated with the 
outcomes. Two were for occupational exposure: use of individual protection equipment, and 
domestic or healthcare exposure. The third independent factor was history of imprisonment. 
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Healthcare waste exposure presented higher risk than domestic waste exposure, and, although the 
difference is only marginally significant it should not be ignored. The individual protection 
equipment use represented a protective factor as HCV seropositivity was less likely among 
workers who reported its regular use. Non-use suggests HCV infection risk for both groups of 
workers, independent of type of waste. History of imprisonment was significantly different 
between exposure groups with a high odds ratio, suggesting an independent factor of waste 
exposure that can explain the risks of HCV infection among waste collectors. Approximately 
10.0% of all waste collectors reported history of imprisonment, according TABLE 2. 
 
History of imprisonment was associated to high prevalence of hepatitis B and C, in particular due 
to sexual activities without condom and sharing infected equipment, including injected drugs 
(DOLAN et al., 2010; GIDDING el al., 2015; HEIMER et al., 2015). 
 
About waste exposure, similar analysis showed in Ethiopia, for HCV, detection in only one 
(1.0%) worker exposed to healthcare waste and none (0.0%) in unexposed, suggesting a HCV 
seroprevalence higher among the exposed, although few serologic results (ANAGAW et al., 
2012). Another study, by Franka et al. (2009), also indicated a higher risk for those exposed to 
healthcare waste compared to the unexposed group of workers, including 600 Libyan workers, 
300 healthcare waste collectors and 300 who collect common part of healthcare waste. The 
common part of hospital waste is different from urban domestic wastes because the urban type 
usually includes body fluids mixed to the wastes. The HCV was detected in eight (2.7%) and none 
(0.0%), respectively, healthcare waste exposed and unexposed (p<0.005).  
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The association between healthcare waste exposure and HCV infection risk suggests a higher risk 
from exposure to healthcare waste, as found on serologic results of Belo Horizonte waste workers 
and other studies (FRANKA et al., 2009; ANAGAW et al., 2012). In particular, large numbers of 
sharps accidents were reported: that increases the risk of infections, according to many similar 
studies (POULSEN et al., 1995; DOMINGO and NADAL, 2009; LAZZARI and REIS, 2011; 
SILVA et al., 2014; VIEIRA et al., 2011; VELLOSO et al., 1997; PORTA et al., 2009; 
GIANCOTTI et al., 2014; BLENKHARN and ODD, 2008; AN et al., 1999). 
 
The multivariate model for Anti-HBc did not suggest that the type of waste exposed to was 
associated with the outcome. The association with age and length of service were statistically 
significant, with higher risk associated with more years of service. Another marginally significant 
association was with reported extramarital sex relations in the last year. However both groups of 
workers may be susceptible to HBV with increased risk over time.  
 
The length of time collecting domestic or healthcare waste was also found, in other studies, to be 
associated with higher probability of infection, and consequently, higher HBV prevalence. 
Shiferaw et al. (2011) found Odds Ratio (OR): 10 (95% CI: 3.7 – 32.1) for the age group between 
40 to 49 years, compared with younger workers. Rachiotis et al. (2012) found the workers’ ages 
were associated with infection prevalence, pointing out OR=5.22 (95% CI: 1.35 – 20.1) for older 
workers when compared to younger. Dounias et al (2005) found higher Anti-HBc prevalence in 
older Greek workers, and Tsovili et al. (2014), indicated that the mean age of those who tested 
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positive for Anti-HBc was significantly higher in workers belonging to the group “exposed” to 
waste when compared to those “unexposed”, and the length of service (in years) collecting wastes 
suggested higher Anti-HBc occurrence among the more exposed.  
 
Studies comparing domestic and healthcare waste collectors’ exposure showed divergences. 
Ferreira et al. (1999) investigated Anti-HBc serology in 186 Brazilian workers, 31 healthcare 
waste workers and 155 domestic waste workers. They found Anti-HBc in 12.9% of healthcare 
waste workers and 14.2% in domestic waste workers, OR = 0.9 (95% CI: 0.24-3.0). Thus the risk 
of infection with HBV was similar in these two groups of workers. 
 
Nevertheless, the study in Ethiopia by Shiferaw et al. (2011) involved 252 workers, 126 exposed 
to healthcare waste and 126 to common part of hospital wastes in three public hospitals. No 
workers had been immunized against HBV prior to the study. HBsAg was found in eight (6.3%) 
healthcare waste workers and one (0.8%) exposed to common part of hospital wastes, with an OR 
= 8 (95% CI: 1.02 – 63.02; p=0.01). Prevalence of HBV was higher in healthcare waste exposed 
workers, although the prevalence of HBsAg was 7% and Anti-HBc was 45-53% in the population 
of Ethiopia at that time.  
 
A similar study evaluated 200 workers of an Ethiopian hospital, 100 healthcare waste collectors 
and 100 exposed to common part of hospital wastes. Antibodies to HBV were detected in six 
(6.0%) healthcare waste workers and in one (1.0%) exposed to common part of hospital wastes, 
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giving OR=6.3; p=0.04, suggesting an association between high infection risk and the type of 
waste collected, but was unable to prove it because of the small sample (ANAGAW et al., 2012). 
 
A Libyan study included 600 workers (300 exposed to healthcare waste, 300 to common part of 
hospital wastes). Antibodies to HBV were detected in seven (2.3%) “exposed” and one (0.3%) 
“unexposed”. The odds ratio found for HBV infection was OR=7.14 (p<0.04), evidencing a 
significantly higher HBV prevalence in workers exposed to healthcare waste than to those 
exposed to common part of hospital wastes (FRANKA et al., 2009). 
 
The Ethiopian and Libyan studies suggested higher HBV infection risk in exposed than 
unexposed, focussing exclusively on hospital waste workers. The common part of hospital wastes 
are usually different from urban domestic wastes, not least because they often contain body fluids, 
which would explain the difference found. Both healthcare and domestic wastes seem to carry 
similar risk of infection for collection workers. This is true of HBV and of HCV. 
 
There were no significant differences in the presence of HBsAg and anti-HBc between healthcare 
and domestic waste workers of Belo Horizonte. Some researchers argue that healthcare wastes 
have greater risks than domestic waste (GERSHON et al., 2005; TOOHER et al., 2005), but others 
maintain that the risks are similar (BORG, 2007; COSTA E SILVA et al., 2011; CUSSIOL et al., 
2006; FERREIRA et al., 1999; MÜHLICH et al., 2003; ZANON, 2002). Healthcare wastes and 
domestic wastes both demand a secure management system because of some dangerous 
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characteristics, including biological and accident hazards, especially the presence of body fluids 
mixed in the wastes. 
 
Infection risks due to waste exposure 
 
An investigative study after a needlestick accident used an RNA test to demonstrate HCV 
infection was carried out in relation to a subject who reported no drug use, blood transfusion, 
surgery, tattoos, piercings or other similar recent procedure. Serology for HBV and HIV were 
negative (LIBOIS et al., 2005). Another study offered little information about the risk of hepatitis 
infection from mucocutaneous contact, but reported one case of HCV seroconversion after body 
fluids splashed in the eye of a subject, and another case of HIV and HCV infection arising from 
the same exposure route (SARTORI et al., 1993). 
 
Contact with body fluids or needlestick accidents represent potential routes for HBV infection. 
The high perceived prevalence of reported needlestick accidents, 53.9% in domestic waste 
workers and 75.0% in healthcare waste workers, shows a worrying exposure context that minor 
cuts and punctures are dangerous. Lack of a statistically significant difference between reported 
answers for the two groups indicate that both do dangerous work, with frequent occurrence of this 
type of accident. 
 
Shiferaw et al. (2011) reported a high proportion of positive Anti-HBc associated with the 
occurrence of blood or body fluids splashing in the eyes, mouth or nose: 17 (48.6%) of 35 workers 
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were initially positive, but after needlestick accidents this rose to 15 (60%) out of 25. Tsovili et 
al. (2014) found six (28.6%) Anti-HBc positives associated with needlestick accident reported, 
vs. one (3.4%) unexposed to wastes with a similar accident. Rachiotis et al. (2012) found a 
Relative Risk (RR) of 2.64 (95% CI=1.01 – 6.96) for the association between reported needlestick 
accidents and HBV positivity. Luksamijarulkul et al. (2008) suggested needlestick accidents were 
associated with seropositivity for HBV in workers exposed to domestic wastes (OR=4.21, 
p<0.0001). Finally, El-Gilany et al. (2013), pointed out that individual protection equipment was 
used only by a minority of Egyptian waste workers, 4.2%, 3.3% and 0.8% for gloves, boots and 
masks, respectively. According to the workers this protection equipment was unavailable. 
Whatever the cause, it culminated with the reported 50.8% prevalence of needlestick accidents. 
 
Other studies specifically investigated urban domestic waste collectors, but did not include 
healthcare waste exposure. Various comparison groups of workers were adopted in these studies, 
including gardeners, office workers, and workers performing other activities with no waste 
contact. Higher prevalence of hepatitis infection was found in those exposed to domestic wastes 
versus unexposed to wastes, corroborating the hypothesis that domestic waste exposure also 
carries a risk of hepatitis B or C infection (MARIOLIS et al., 2006; SQUERI et al., 2006; 
RACHIOTIS et al., 2012; LUKSAMIJARULKUL et al., 2008; DOUNIAS et al., 2005; TSOVILI  
et al., 2014; EL-GILANY et al., 2013). 
 
Immunization 
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The workers’ immunization status is presented in TABLE 5, indicating that 400 (86.8%) workers 
(340 exposed to domestic waste and 60 to healthcare waste) reported being vaccinated against 
hepatitis B. However, the serology showed that only 252 (54.7%) workers (207 exposed to 
domestic waste and 45 to healthcare waste) were effectively immunized. Those who are exposed 
to wastes but not effectively immunized are at high risk of infection. Many are not aware of the 
real risk of their becoming infected during routine work. In Brazil, since March 2010, the HBV 
vaccine is distributed for free by the Unified Health System for vulnerable groups, which includes 
domestic and healthcare waste collectors.   
 
Similar studies in Libya have pointed out that only a minority (21.0%) of waste workers were 
vaccinated against HBV (FRANKA et al., 2009). Squeri et al. (2006) found that of 183 (56.0%) 
Italian workers considered protected against HBV due to the presence of Anti-HBs, only 98 were 
vaccinated and thus the other 85 have had previous contact with HBV.  
 
Jack et al. (1999), Tooher et al. (2005), Gershon et al. (2005) and Zuckerman (2006) showed that 
vaccination against hepatitis B is an important measure to protect workers exposed to wastes, both 
healthcare waste and domestic waste, and should be given before exposure starts. Immunization 
is critical to the prevention of hepatitis B, in particular those workers most exposed to wastes. 
There is currently no available vaccine against hepatitis C. 
 
Conclusion 
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The health risk of exposure to wastes, whether domestic or from healthcare waste management 
activity, is increasingly supported by scientific evidence. The search for specific indicators to 
prove such an association is a challenge to future research, and also to programme managers 
seeking to protect their staff and the public. It is a fact that risk for both hepatitis B and C infection 
is associated with contact with solid wastes, particularly sharps, and that immunization against 
HBV is recommended as the chief preventive measure. 
 
The handling of healthcare wastes carries a risk of infection with HBV, similar to the risk of 
handling domestic wastes. There was a marginally significant difference in HCV infection risk 
and higher infection risks from exposure to healthcare waste than to domestic waste, probably 
due to needlestick accidents which points to an ineffective sharps management system. Studies 
performed in hospitals have also compared healthcare waste and the common part of hospital 
wastes. The common part of hospital wastes is different from urban domestic wastes because the 
urban type usually includes body fluids mixed to the wastes. Both healthcare and domestic waste 
exposures represent risk for infection with hepatitis viruses. 
 
In this context, it does not seem prudent to emphasise difference in health risks for healthcare 
waste compared to domestic waste. It is preferable to evaluate carefully the waste management 
system of healthcare waste generators and the characteristics of each type of waste according to 
associated hazards, to provide appropriate segregation and consequently, minimize risk of 
workers exposed to the wastes. The main risk pointed out for present discussion is associated with 
needlestick accidents, and it is well-known that healthcare waste should be properly segregated 
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and packed before collection. Failures in separating these wastes increase accident risks, and the 
waste generators are responsible for proper management of this stage. Difference between risks 
may indicate inappropriate management of one type or the other, rather than a difference in the 
waste characteristics. 
 
The individual protection equipment uses are fundamental to health protection of waste handlers 
and not using were associated to higher risk of infection by hepatitis C, according multivariate 
model presented. Therefore, waste managers company should increase supervisory to ensure that 
effective measures are taken to protect the health and quality life of these workers. Workers should 
use their right to demand a safety work conditions, in particular the appropriate individual 
equipment protection offering during all work time.  
 
This study depicts a critical situation with many workers exercising their occupational activities 
without the protection of immunization against hepatitis B. Adequate immunization against 
hepatitis B is a right and must be available to all workers exposed to waste, both healthcare and 
domestic. AntiHBs serology should also be mandatory to ensure the success of vaccination.  
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